The relationships between land use characteristics and aquatic chemistry (nutrient 
INTRODUCTION
The chemical composition of surface waters can be regarded as a sensitive indicator, which reflects the intensity of geochemical, geological, hydrological and biological processes, as well as the anthropogenic impacts within the catchment area. It is evident that the impacts of these factors overlap and, as a consequence, the natural processes interfere with human-induced processes to a large degree.
The chemical composition of surface waters and flows of dissolved substances have been studied worldwide, particularly with respect to human loading, global warming and forest logging. Climatic factors (precipitation and air temperature) affect flows of dissolved organic carbon (Correll et al. 2001 ) and chemical weathering and fluxes of dissolved substances (White & Blum 1995) .
Currently, due to increased anthropogenic pressure, the influence of the natural factors on aquatic chemistry can be substantially altered especially with respect to concentrations of nutrients and trace elements (Domburg et al. 1998 ; Thornton & Dise 1998; Jarvie et al. 2002) . Increased nitrogen and phosphorous concentrations are typically linked to a more intensive agriculture and urbanization (Thornton & Dise 1998; Rantakari et al. 2004) . Furthermore, intensive agricultural practices on large areas of arable land facilitate suspended sediment loads along with adsorbed pollutants (Vervier et al. 1999; Ekholm et al. 2000; Gomez-Gutierrez et al. 2006) .
It is clear that close links between land-use patterns and
water chemical composition exist. In large, heterogeneous catchments, identification of one particular pollution source becomes difficult, however; relationships between different processes within a catchment area (e.g. changes in anthropogenic loading, land use types, hydrological regime and climate) and water quality are not straightforward (Edwards et al. 2000; Jarvie et al. 2002; Stå lnacke et al. 2003; Iital et al. 2005) . These relationships are also specific to the region (Rantakari et al. 2004) . There is insufficient evidence of relationships between catchment properties and water chemical compositions in large-or medium-sized river basins. and farming practice, especially with respect to nutrient concentrations. A specific situation in this regard arises in Eastern Europe and also Latvia, which have experienced a substantial reduction of human loads to the environment due to socio-economical and political crises in the early 1990s. For example, fertilizer and manure use has dropped by a factor of five and the number of livestock has decreased to around two-thirds (Lofgren et al. 1999) . It has also been assumed that these changes have substantially reduced the loading of nutrients to the surface water (Klavins & Rodinov 2001; Stå lnacke et al. 2003) . Subsequently, the recent socio-economical recovery has increased anthropogenic pressure (Agriculture Census 2008).
In heterogeneous large-and medium-size catchments, evaluation of the current impact of anthropogenic pressures and diffuse pollution sources on water quality allows future water quality changes to be predicted and the best management practices to be selected (Klavins & Rodinov 2001; Jarvie et al. 2002; Klavins et al. 2002) . 
METHODS
The study site stretches over the entire territory of Latvia (Figure 1) Bedrock is covered by Quaternary deposits (thickness from a few metres to up to 100-160 m) consisting of moraine material, limnoglacial or fluvioglacial deposits (Dreimanis & Karklins 1997) . The moraine material is usually rich in carbonates and calcareous rocks are common, as are sand Carbonate soils are common in the middle part of Latvia (basin of the River Lielupe), and are intensively used for agricultural production. About 10% of the territory of Latvia is occupied by hydromorphic soils. These soils are common in coastal regions, east Latvia Lowland and in the northern part of Latvia (basin of the River Salaca) (Skujans & Mezals 1996) .
The climatic conditions in Latvia can be characterized as humid and mean annual precipitation is about 700 mm.
Mean temperature in January varies from 2 2.68C to 26.68C and in July from þ 16.88C to þ 17.68C (Klavins et al. 2002) . Table 1 .
The loads of substances R were calculated as:
where W is the volume of the runoff in a specific period and sub-basins is given in Table 2 . 
RESULTS AND DISCUSSION
Land-use characteristics are probably among the major factors influencing concentrations of dissolved substances in watersheds. However, links between aquatic chemistry and the land-use characteristics have usually been studied in small/medium-sized catchments by only evaluating those water parameters which have the greatest impact on aquatic biology: nutrients and organic matter.
Spatial variability of concentrations of dissolved substances in surface waters of Latvia can be considered to be comparatively high (Table 3 ). The highest concentrations of dissolved substances (especially nutrients and major . This could be due to differences in soil texture, soil types and other properties, which in turn affect adsorption capacity of dissolved organic matter (Maurice et al. 2002; Stutter et al. 2006) . In this study, data on chemical oxygen demand is used for the approximate estimation of quantity of organic matter. However, for more reliable results, data on concentrations of total carbon and TOC or DOC are necessary.
Concentrations of dissolved substances, especially nutrients, have relatively large variability (Table 3) . This is common for all studied rivers, as nutrient concentrations exhibit strong seasonal changes. The highest concentrations of nitrogen and phosphorus compounds occur during the spring, largely because the surface runoff after snowmelt from the catchments dominates. The lowest concentrations of nutrients are observed in the summer, as the supply from catchments in the low-water phase is limited and nutrients are consumed in biological processes (Klavins et al. 2002) . (Table 4) . Nitrogen concentration has also previously been reported to be elevated due to larger proportions of agricultural lands (Vagstad et al. 2000; Rantakari et al. 2004 ).
The correlation between NO 2 3 and agricultural land coverage found by Van Herpe & Troch (2000) was stronger than reported in this study, perhaps due to less intensive agricultural practice in Latvia and the large, heterogeneous river basins examined in our study. In general, the correlation between N tot concentration and land use pattern is closer than that between P tot and land use pattern, which can be explained by differences in sources, transport and retention processes of these nutrients. Multivariate methods such as principal component analysis and factor analysis can be applied in order to characterize processes both within the water body and Correlation is significant at the p 0.05 level (2-tailed) and pp 0.01 level (2-tailed).
drainage area (e.g. Reisenhofer et al. 1995; Einax et al. 1998; Petersen et al. 2001) . In this study, multivariate data analysis methods were applied to the average (1991 -2001) (Table 5 ). The first factor can therefore mainly be explained by natural factors such as geology or weathering processes of soil in the catchment.
The second factor, which had a stronger correlation with total P, PO Factor analysis illustrated the differences in factors influencing aquatic chemistry. Considering the different combinations of factors affecting the river basins (Table 2) and consequently aquatic biota, the development of water quality criteria and basin management approaches should differ for the studied river basin groups (especially with respect to the major dissolved substances and the organic matter concentrations in the brownwaters) in order to reach good water quality requirements as set by the EU Water Framework Directive. Figure 1 ).
